Introduction

38
Rapid regional climate warming in the second half of the 20 th Century, in both the atmosphere 39 and ocean (Cook et al., 2016) , led to the retreat and disintegration of major ice shelves across 
58
In this paper we revisit the thinning of the glaciers feeding WIS, using airborne and satellite
59
altimetry to quantify changes in ice elevation from 1966 through to early 2015 (hereafter ice 60 elevation change is assumed to be equivalent to ice thickness change). We then consider the 61 effect of the estimated high-resolution loading changes on the solid Earth, by considering 62 models of elastic and viscoelastic deformation. In particular, we attempt to use observed 63 responses to these relatively well-quantified ice load changes to constrain the solid Earth ice load changes in the WIS region.
67
2 Background 68
Changes in ice dynamics 69
The WIS lies off the west coast of the AP, in Marguerite Bay, and drains a grounded catchment 70 of 15,000 km 2 (Vaughan, 1993) . It is fed by seven glaciers (Figure 1 ), which can be divided 
82
The WIS has undergone a series of calving events since the 1960s with a significant breakout 
87
The temporal evolution of change is shown in Fig.2 . We added an ice front position for
88
February 2016, extracted from a Landsat 8 OLI_TIRS scene, revealing that the remaining ice
89
shelf has an area of just 54 km 2 (using the 1996 grounding line from Rignot et al. (2011a) 
99
Likely as a result of the collapse of the ice shelf, the feeding glaciers of the WIS accelerated 
Glacial Isostatic Adjustment 109
Due to the demise of the major ice sheets following the Last Glacial Maximum (LGM), ice- 
117
Conventional models of Antarctic GIA consider only millennial-scale loading changes 118 following the LGM, and they often assume that deglaciation was complete several thousand Figs. 1b, 1c) . The dh/dt showed clear correlation with absolute elevation (Figs 3c, 3d ).
160
For our loading computations we need complete coverage of the three main feeding glacier 161 regions and we computed this based on the observed dh/dt and glacier hypsometry. We 
164
respectively (see Fig. 3 and Sec. S1 in the SM). 
171
Glacier, and Seller Glacier, where the majority of the airborne data focus (referred to hereafter 172 as the Fleming system), we also made use of data from the other two main feeding regions
173
(Hariot Glacier and Carlson Glacier; referred to hereafter as the HC system). We found that on the mantle viscosity, however, which is unknown.
219
We start by assuming that the glacier system was stable before 1966. This assumption is 220 supported by the small net change in the ice front position from 1947 to 1966 (Fig. 1c) , but the 221 precise evolution of the glacier system prior to the velocity observation in 1996 (Rignot et al., 
238
Between 1996 and 2008 a higher rate of surface lowering was assumed. Scenario 2: As the 239 other end member, we assume that the glaciers gradually increased in velocity from 1966 to 240 Using our constraint on total surface lowering from 1966 to 1996, the magnitude of dh/dt is 242 uniformly increased 5 times over this period.
243
As described in Sec. 3.1.1, the Fleming system has different surface lowering rates over the 
248
For the loading computations, we convert from elevation change rate to mass change rate
249
(dm/dt) by accounting for modelled firn compaction and surface mass balance (SMB)
250
anomalies (see Sec. S3 in SM).
251
Far-field loading changes 252
For the far-field loading changes in Antarctica we adopt an approach and datasets similar to 
GPS 263
Three continuous GPS (cGPS) stations are located within ~200 km of Fleming Glacier, namely 264 TRVE, FOS1, and WLCH, with their locations shown in Fig. 1b (blue triangles) and Table 1 .
265
We focus on these sites as they are the most sensitive to ice load changes in the feeding glaciers 
300
LOVe numbER Solver) with a PREM structure (Dziewonski and Anderson, 1981) . We use the 
330
The viscosity or thickness of the various layers is not well constrained in this region. In the 
342
that follow, we primarily adopt Scenario 2, but also discuss the effect of adopting Scenario 1.
343
GIA modelling 344
The above modelling only considers decadal-scale load changes, while our GPS velocities 
GPS results
352
The GPS horizontal and vertical velocities of TRVE, FOS1 and WLCH are presented in Table   353 1 and Fig. 6 after correction for plate rotation and elastic effects. Our GPS velocities for these 
385
calculated the misfit in both the vertical and horizontal directions. In the tests below we make 388 use of the Scenario 2 loading history (Fig. S1b) , but we also refer to scenario 1 for comparative 389 purposes.
390
Viscoelastic modelling constrained by GPS vertical velocities 391
Firstly, we estimated the background (pre-1966) vertical velocity by computing the difference 392 between observed and predicted uplift rates at TRVE, WLCH, and FOS1. We assume this 393 background velocity is dominated by ice load changes from earlier time periods. This 394 assumption is supported by predictions from both the ICE-6G_C and W12 1D models, which 395 suggested positive uplift rates at the three GPS sites (Table 1) 
398
On this basis, we test the adequacy of the viscoelastic models by assuming that the background 399 rate of bedrock uplift in this region must be either close to zero or positive. Fig. 7a shows that Table 1 ) would allow for only 403 a slightly smaller lower limit to the UMV (2× 10 19 Pa s) (Fig. 7a) .
404
The same comparisons at FOS1 and WLCH reveal a generally lower sensitivity to choice of around 1× 10 20 Pa s, which is substantially larger than the value preferred for the northern AP We repeated the above analysis, which was based on Scenario 2 (S2; Fig. S1b ), but using
413
Scenario 1, and reached very similar conclusions regarding the preferred Earth model (Fig. S4) .
414
That is, our finding that UMV in this region is greater than 1×10 20 Pa s is not strongly sensitive
415
to the timing of recent ice load changes.
416
We also explored the effect of making different assumptions when constructing our load change 
Viscoelastic modelling constrained by GPS horizontal velocities 429
We next evaluated the different models by considering their ability to explain the observed 430 horizontal velocities. We assume that the remaining signal after plate rotation correction can 431 be explained by a sum of the decadal-scale viscoelastic deformation and that from late Holocene 
454
To explore the potential contribution to present-day deformation from millennial-scale GIA, 
493
is related to unstable grounding line retreat across a reverse sloping bed or not (Schoof, 2007) .
494
Underscoring the sustained loss is the sharp increase in the rate of ice surface-lowering at the 
515
This UMV is in contrast with that found by Nield et al. (2014) 
